Pneumococcal lipoteichoic acid (Forssman antigen) added to the medium of growing pneumococcal cultures caused chain formation, prevented culture lysis in the stationary phase of growth, and inhibited lysis by penicillin and by the pneumococcal bacteriophage Dp-1.
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In a recent communication we reported that the pneumococcal lipoteichoic acid (Forssman antigen) is a specific inhibitor of the N-acetylmuramyl-L-alanine amidase of pneumococci (1). Because of the multiple physiological roles of this enzyme (3), it was of interest to examine several morphological properties of pneumococci growing in the presence of exogenous lipoteichoic acid (LTA). The inhibition of cell separation and the apparent penicillin tolerance of such cultures have already been noted in our earlier report (1); here we provide documentation of those and some additional properties of cells grown in LTA-containing medium. Figure 1 shows chain formation of pneumococci grown in the presence of 500 ,ug ofpneumococcal LTA per ml.
The pneumococcal LTA has no effect on the growth rate and maximum cell yield (in the stationary phase of growth) of pneumococcal cultures (1); on the other hand, 30 to 300 ,ug of LTA per ml in the medium inhibited the spontaneous lysis that is characteristic of late stationary-phase cultures of this bacterium (Fig. 2) .
The pneumococcal LTA (1 mg/ml) could protect these bacteria against penicillin-induced lysis (Fig. 3) .
Effect on phage infection. An exponentially growing pneumococcal culture (5 x 106 cells/ml) was divided into two portions; one received 1 mg of pneumococcal LTA per ml (culture A), and the second culture (B) served as control. After incubation for 2.5 h at 37 C, each culture (1 ml each) received 0.1 ml of a Dp-1 suspension containing a total of 5 x 107 plaqueforming units (PFU) . After incubation at 37 C for 10 min, the cultures were centrifuged (10,-000 x g, 5 min) to remove unadsorbed phage. x 106.) A portion of each phage-infected culture was further incubated at 37 C. Four hours later, culture B had lysed completely whereas culture A had remained highly turbid even after 16 h of incubation. Four hours after infection, phase contrast microscopy showed only amorphous debris in culture B whereas culture A contained mostly normal-looking pneumococci (Fig. 4) . Apparently, LTA can inhibit some as yet unidentified phase of the normal phage infection cycle past the adsorption stage.
The biological effects of exogenous LTA require rather high concentrations of this material. In a previous communication we have listed several lines of evidence indicating that these biological effects are associated with the choline-containing pneumococcal F-antigen rather than with some unknown contaminating substance(s). Two additional experimental results support that conclusion: (i) all the biological effects, as well as the autolysin-inhibiting effect, could be reproduced with F-antigen preparations heated at 100 C for 2 h in 0.15 M NaCl solution (pH 7.0); and (ii) the choline-containing F-antigen preparation moved as a homogeneous material during gel electrophoresis in sodium dodecyl sulfate (Fig. 5) .
Defective cell separation during cell division and resistance to antibiotic-induced lysis and stationary-phase lysis are characteristics of pneumococci in which the endogenous activity of the autolytic amidase is inhibited (3). Evidence for the possible involvement of the host autolytic enzyme in the infection cycle of the recently isolated Dp-1 phage has already been reported (2). The results described in this communication provide further support for the suggestion that one of the major physiological functions of lipoteichoic acids may be the control of bacterial autolytic enzymes. Inhibition of the penicillin-induced lysis by lipoteichoic acid. The experimental design was the same as that described in the legend to Fig. 1 , except that the lipoteichoic acid (1 mg/ml) was added to one of the cultures at a cell concentration of 107 viable cellslml. After incubation at 37 C for 2 h, penicillin G (0.1 U/ml) was added to both the control and the lipoteichoic acid-treated cultures. Photographs (A, lipoteichoic acid treated; B, control) were taken after 10 h of incubation with penicillin. 
